UNIV V EVALUATION AND MAINTENANCE OF PAVEMENTS 

PART -A 


1. What is Alligator Crack? [N/D 2015] 

Alligator Cracking 

A This is most common type of failure and occurs due to relative movement 
of pavement layer materials. 

A May be caused by the repeated application of heavy wheel loads 
resulting in fatigue failure or due to moisture variations resulting in 
swelling and shrinkage of subgrade and other pavement materials. 

A Localized weakness in the underlying base course would also cause a 
cracking of the surface course in this pattern. 



Fig. 7.2.6 : Alligator cracking 


2. What is FWD and state its use? [N/D 2015] 

Front Wheel Drive (FWD) is a form of engine and transmission layout 
used in motor vehicles, where the engine drives the front wheel only. 

3. Differentiate delamination and depression. [A/M 2016] [A/M 2019] 

Delamination is a separation into layers of pavements. Depressions are 
localized pavement surface areas with slightly lower elevations than the 
surrounding pavement. 



4. What are the causes of cracks? [A/M 2016] [A/M 2017] [A/M 2019] 


S.No. 

Failures 

Causes 

1 

Edge Crack 

> Poor Drainage 

> Less support 

> Insufficient pavement width 

2 

Shrinkage cracks 

> Shrinkage of bituminous 

layer with age 

3 

Reflection cracks 

> Improper joints 

> Cracks in the lower layers 

4 

Longitudinal cracks 

> Poor drainage 

> Settlement of shoulders 

> Weak joints between layers 

5 

Alligator or Map Cracking 

> Weak pavement 

> Unsuitable condition of 

layers 

> Binder brittleness 

6 

Hair line crack 

> Insufficient bitumen 

> Improper compaction 

> Excessive filler material 


5. Define Bleeding. [N/D 2016] 

It is the free bitumen on the surface of the pavement. It is due to the 
excess of bitumen, rich application of bitumen, insufficient blotter in joints and 
excessive amounts of asphaltic cement or tar. 

6. Differentiate Pumping and Ravelling. [N/D 2016] 

Pumping: It is the upward movement or displacement of pavement due 


to the frost action. 





Ravelling : It is the developing disintegrations from the surface, 
downward by the non-positioning of aggregates. This is due to the uneven 
distribution of bitumen from the sprayer bar. 

7. What are the parameters that should be observed for evaluating a 
rigid pavement? [A/M 2017] 

By considering the following factors, evaluation of rigid pavement is carried 
out as follows. 

a. Nature of the soil subgrade 

b. Depth of the pavement 

c. Type of the road 

8. Write down the works under routine repairs. [N/D 2017] 

Following are the works to be maintained routinely: 

a) Up keeping of carriage way 

b) Shouldew 

c) Subgrade 

d) Side drain dearance for siet accumulation 

e) Highway geometric and traffic control 

f) Ancillary works like culverts, bridges, etc. 

9. What is meant by Mud pumping? [N/D 2017] [A/M 2018] 

Mud pumping is recognized when the soil slurry ejects out through the 
joints and cracks of cement concrete pavement caused during the downward 
movement of slab under heavy loads. 

Following are the factors which cause the mud pumping: 

i. Extent of slab deflection 

ii. Type of subgrade soil 

iii. Amount of free water 



10. Differentiate between Spalling and traverse crack. [A/M 2018] 

During Construction time cement concrete pavements are sometimes 
provided with pre — formed filler materials at the joints. During concreting 
these filler materials may be disturbed and placed at an angle. 

As the filler materials are not of proper alignment, which forms an 
overhang of a concrete layer on the top side and the joint later on shows 
excessive cracking subsidence. 

11. Define the term ‘Pavement Serviceability Index’ with its importance. 
[N/D 2018] 

A rating system was developed by AASHO involving the measurement 
of permanent deformation, riding quality and the extent of cracking and 
patching. The rating is well known by the term Pavement Serviceability Index 
(PSI). It is the most widely used pavement rating measure. Following equation 
give the value of PSI for flexible and rigid pavements 

Flexible Pavement 

PSI = 5.03 - 1.91 log(l + SF) - 1.38 (RD) 2 - O.OlVcT T 
Rigid Pavement 

PSI = 5.41 - 1.80 log(l + SV) - 0.09VCT T 

Where 

SV = Slope variance giving an index of the longitudinal profile. 

RD = Rut depth under a 4 ft straight edge 

C = Cracking distress in terms of lineal feet of cracks per 1000 sq.ft. Area 
P = Patch area in sq.ft. Per 1000 sq.ft. Area 



PART -B 

1. List any Eight Cracks and defects in flexible pavements and describe 
their respective symptoms possible causes and the treatment repair 
for each defect. [N/D 2015] [A/M 2019] 

Illustrate with neat sketches any four different types of pavement 
distress normally occur in flexible pavement with its preventive 
measures. [N/D 2018] 

Explain the different types of failures encountered in flexible 
pavements. [A/M 2018] 

Following are some of typical flexible pavements in failures: 

i. Alligator cracking 

ii. Consolidation of pavement layers 

iii. Shear failure 

iv. Longitudinal cracking 

v. Frost having 

vi. Lack of binding to the lower course 

vii. Reflective cracking 

viii. Formation of waves and corrugation 

Alligator Cracking 

A This is most common type of failure and occurs due to relative movement 
of pavement layer materials. 

A May be caused by the repeated application of heavy wheel loads 
resulting in fatigue failure or due to moisture variations resulting in 
swelling and shrinkage of subgrade and other pavement materials. 

A Localized weakness in the underlying base course would also cause a 
cracking of the surface course in this pattern. 



Alligator or 
map cracking 



Fig. 7.2.6 : Alligator cracking 


Consolidation of pavement layers 

■f Formation of ruts are mainly attributed to the consolidation of one or 
more layers of pavement. 

S The repeated application of loads along the same wheel path cause 
cumulative deformation resulting in consolidation deformation or 
longitudinal ruts. 

■S Shallow ruts on the surfacing course can also be due to wearing along 
the wheel path. 

■S Depending upon the depth and width of ruts, it can be estimated 
whether the consolidation deformation have been caused in the 
subgrade or in subsequent layers. 












Shear Failure & Cracking 

■S Shear failure are associated with the inherent weakness of the 
pavement mixtures, the shearing resistance being low due to inadequate 
stability or excessively heavy loading. 

•S The shear failures causes upheaval of pavement materials by forming a 
fracture or cracking. 



Longitudinal cracking 

■S Due to frost action and differential volume changes in subgrade 
longitudinal cracking is caused in pavement traversing through the full 
pavement thickness. 

S Settlement of fill and sliding of side slopes also would cause this type of 
failure. 

Frost Heaving 

■S Frost heaving are often misunderstood for shear or other types of 
failures. 

■S In shear failure, the upheaval of portion of pavement is followed with a 
depression. 

S In the case of frost heaving, there is mostly a localized heaving up 
pavement portion depending upon the ground water and climatic 
conditions. 
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Lack of binding with Lower Layer 

■S Slipping occurs when the surface course is not keyed / bound with the 
underlying base. 

■S This results in opening up and loss of pavement materials forming 
patches or pot holes. 

■S This condition of more pronounced when the prime / tack coat in between 
two layers is lacking. 



Reflection cracking 

■f This type of cracking is observed in bituminous overlays provided over 
existing cement concrete pavements. 

•S The crack pattern as existing in cement concrete pavements are mostly 
reflected on bituminous surfacing in the same pattern. 
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SECTION it 

2. Define Overlay and the procedure for design and construction of 
overlays. [N/D 2015] [A/M 2019] 

An overlay may be either flexible or rigid. Flexible overlays are generally 
bituminous surfaces. They can be constructed over existing flexible pavements 
or existing concrete pavements. Sometimes a bond breaker comprising of a 
granular base is used between a concrete base pavement and overlay. The 
deflection is also reduced to some tolerable level. 

Rigid overlays may consist of plain, simply reinforced or continuously 
reinforced concrete pavements. Provision of a bond breaker may or may not be 
necessary. 


Following are the combination of overlays: 


Existing pavement 

Overlay 

Cement concrete 

Cement concrete 

Cement concrete 

Bituminous 

Bituminous or flexible 

Cement concrete 

Bituminous or flexible 

Flexible or Bituminous 


















The choice of overlay depends on various factors including total 
thickness of overlay required, wheel load, subgrade strength, etc. 


Thickness Design of Overlay 


Based on the allowable deflection D a in the pavement, the overlay 
thickness ho required may be determined. According to Ruiz’s equation, ho in 
cm is given by: 


h 0 


R 


0.434 


log 


10 


D 

D 


C 

a 


Where 


R = Deflection reduction factor, is a function of overlay 

material (varies from 10 to 15 for bituminous overlays. An average value 
of 12 is used generally) 

D a = allowable deflection which depends upon the pavement 

type and the desired design life. For flexible pavements for overlay 
design it various from 0.75 to 1.25 mm 

Indian road congress suggests that 

D c 

h 0 = 550 log 10 — 

L'a 

Where ho = thickness of granular or WBH overlay in mm 

D c = D + o 

D a = 1.00, 1.25 and 1.5 mm, if the projected design traffic A is 

1500 to 4500, 450 to 1500 and 150 to 450 respectively. 

A = Design traffic 


= D[1 + r] n+1 ° 



For bituminous concrete or Bituminous Macadam with Bituminous 
surface course, then the thickness is reduced by an equivalence factor of 2.0, 
i.e., ho/2 is the thickness. 

3. Explain in detail the possible causes and remedial measures for joint 
failure. [A/M 2016] [A/M 2017] 

Spalling of Joints 

During construction time cement concrete pavements are sometimes 
provided with pre — formed filler materials at the joints. During concreting 
these filler materials may be disturbed and placed at an angle. 

As the filler materials are not or proper alignment, which forms an 
overhang of a concrete layer on the top side and the joint later on shows 
excessive cracking and subsidence. 

Maintenance of Cement Concrete Joints 

In cement concrete pavement joints are the weakest point. The 
functioning of the pavement is ensured when joints are performing 
satisfactorily. Majority of the cracks occur at or near the joints. Hence adequate 
care has to be taken in selecting a proper filler and sealer materials. The filling 
of these materials are to be made such that it is always intact. 

The sealer material is subjected to distress due to change in 
temperature. During summer the joint sealer material is squeezed out of the 
expansion joint and during winter it contracts. Because of this repeated action 
the gap of the joint opens out and cracks are formed in the old sealer material. 
Periodically, the opened — up joints are to be cleaned with brush and refilled 
with suitable joint sealer material before monsoon. 

Joint filler gets deteriorated after several years of pavement life. The 
repair of the filler is to remove it completely and replace with a new one along 



with the sealer. It is better to insert the filler material during winter as the 
gap would be more. 

4. Explain the possible causes and remedial measures for joint spalling. 
[A/M 2016] 

Spalling is break away of concrete surface which often extends to the top 
layers of reinforcing steel. Spalls may be 150 mm or more in diameter and 
25mm or more in depth, and the occurrence of smaller spalls also possible as 
per ACI 302.1R-4. Spalling of concrete affects a broad variety of structures 
including framed buildings, multi-storey car parks, bridges, jetties, tanks and 
bunds. 

Spalling leaves the concrete surface patchy and pitted while exposing 
aggregate underneath. As soon as spalling spotted, it should be properly 
repaired otherwise it compromises concrete surface integrity and jeopardizes 
ultimate capacity of the member. Added to that, spalling could distort 
aesthetic appearance of the structure. 

Causes of Concrete Spalling 

i. Corrosion of embedded reinforcing steel, because the corrosion products 
(rust) occupy more volume than the original steel, and the resultant 
pressure spalls the concrete. 

ii. Fire exposure due to which free water in concrete change to stem and 
create internal expansive pressure in concrete, consequently spall off 
concrete. 

iii. Freeze and thaw cycling 

iv. Expansive effects of Alkali Silica Reaction 

v. Inadequate depth of cover over reinforcement 

vi. Low quality concrete cover over reinforcing steel. 

vii. Joint spalls are often caused by improperly constructed joints lead to 
joint spalling 



viii. Bond failure in two-course construction due to Differences in shrinkage 
between topping and base courses, drying of the bonding grout before 
the topping concrete is placed etc. 

Measures to Prevent Concrete Spalling 

i. In concrete floor slab, Early-entry dry-cut helps prevent spalling. 

ii. Apply a good water sealant to the finished surface to prevent water from 
entering into the concrete. 

iii. Proper management of concrete during pouring to ensure the provision 
of adequate cover and placement of joints at correct positions. 

iv. Prevent excess water in concrete mixture since it leads to concrete 
spalling. 

5. Explain in detail about any four methods of strengthening of 
pavements. [N/D 2016] 

Strengthening of pavement is defined as the process of giving the 
additional strength to the pavement, in order to increase the utility of the 
pavement, based on the pavement evaluation and it can be either remedial or 
preventive step. The preventive strengthening can be carried out through the 
regular observation and study of pavement performance. 

For effective and economical strengthening of pavement, the following 
factors are to be considered. 

a) The field study, to know the types of prevailing distress and its 
distribution. 

b) The general appraisal of the subgrade and the environmental 
conditions. 

c) Detailed pit examination on a comprehensive basis with regards to 
subgrade condition and strength, composition of crust, quality of the 
various constructions, intersection of various layers and the sub surface 
distribution etc. 



d) Determination of design requirements for preventive and remedial 
measures, based on the collected data. 

This process of strengthening the pavement, by increasing the thickness 
of the pavement is called overlay. The following are the four combination of 
possible overlays. 

a) Flexible overlay over flexible pavement 

b) Flexible overlay over rigid pavement 

c) Rigid overlay over flexible pavement 

d) Rigid overlay over rigid pavement 

Flexible overlay over flexible pavement 

For the design of this combination the existing flexible pavement sub 
grade is evaluated by any one of the suitable method. The overlay design 
thickness is defined as difference between the calculated design thickness and 
the thickness of existing pavement. 

Overlay design thickness = Design thickness calculated - Thickness of 
existing pavement 

Flexible overlay over rigid pavement 

For the design of this combination, the following relationships are used 

h f = 2.5 (F h - h e ) 

h b = 1.66 (F h - hg) 

Where 

hf - Flexible overlay thickness 
hb — Bitumen Overlay thickness 

F - Factor and it is a function of the modulus of subgrade reaction 
h e — Existing rigid pavement thickness 



h — Design thickness of rigid pavement 


Rigid overlay over flexible pavement 

For the design of this combination, the existing rigid pavement is 
evaluated. The design thickness requirement is calculated as per any one of 
the design method. 

Thickness of the rigid overlay rigid pavement 

h 0 = (h* d - wy 

Where 

ho — Rigid overlay thickness (cm) 

ha — Design thickness (cm) 

h — Existing pavement thickness (cm) 

c, x, y and n — Factors given in following table 


Existing Condition 

C 

Good 

1 

Initial Break 

0.75 

Badly Crack 

0.35 


Construction Method 

X 

y 

n 

Parsing directly on the old pavement 

1.40 

1.40 

1/1.40 

Levelling Course 

2.20 

2.00 

1/2 


Rigid Overlay over rigid pavement 

The modulus of subgrade reaction of the existing flexible pavement is 
determined for the design of rigid overlay over rigid pavement. Based on this 






value and the design wheel load, the thickness of rigid overlay is calculated by 
using the standard methods. 

Widening and strengthening have often to be carried out as a 
simultaneous process. Widening is done by water bound macadam construction 
on each side in layers of 75 mm thickness. This is the first step of operation. 

The second stage consists in laying a strengthening layer over the whole 

width. 

A bituminous strengthening layer over a tack coat would be ideal. With 
the high cost of bitumen a bituminous macadam layer costs, little more than 
the normal WBM costs. The old back top surface should be peeled off the thin 
bituminous layer which is normally carried out by pick axes then the laying of 
WBM, strengthening the layers. 

6. Explain the methods employed for evaluation of pavements and 
explain the evaluation of pavement by Benkelmen Beam method and 
deflection measurements. [A/M 2017] [N/D 2019] 

Benkelman Beam Method 

Benkelman Beam is a device which could be used to measure the 
rebound deflection of a pavement. 

Principle 

A well designed and constructed flexible pavement which has been well 
conditioned also deforms elastically under the design wheel load. That is there 
is an elastic recovery or rebound of the deformed pavement surface. 

Extensive studies conducted at various countries have revealed that 
performance of flexible pavements are closely related to the elastic deflection 
of pavement under the design wheel loads. This is basic principle of deflection 
method of pavement which is used to design the overlay thickness. 



Equipment 


Benkelman Beam consists of a slender beam 3.66 m long pivoted at a 
distance of 2.44 m from the tip. The tip is a probe end. The datum frame rests 
on a pair of front levelling legs and a rear leg with adjustable height. Other 
parts of the equipment are shown in fig. 



3. CLAMP 7 probe END OF BEAM 

Fig. 10.11 Benkelman beam 


By suitably placing the probe between the dual wheels of a loaded truck, 
it is possible to measure the rebound and the residual deflection of the 
pavement structure. Only the rebound deflection is used for overlay design. 
Residual deflection may be attributed to non — recoverable deflection of the 
pavement. 

Procedure 

Preliminary Arrangements 

a) The road to be evaluated is first surveyed to assess the general condition 
of the pavement, viz., ruts, cracks, undulations, etc. 

b) The pavement stretches (of length not less than 500 m) are classified 
and grouped into different classes of length, viz., good, fair and poor for 
the purpose of studies. 












































c) Loading points for deflection measurements are located along the wheel 
paths. A minimum of 10 deflection observation points may be selected 
on the selected stretch of pavement. 

d) The deflection observation points may be staggered if necessary and 
taken along the wheel paths on both the edges of the pavement. 

e) After marking the deflection observation points, the study is carried out 
as noted below. 

Testing 

a) The truck is stopped such that the left side rear dual wheel is centrally 
placed over the first point for deflection measurement. 

b) The probe end of the Benkelman Beam is inserted between the gap and 
positioned exactly over the defection observation point. 

c) The initial dial gauge reading, Do is noted. 

d) The truck is moved forward through a distance of 2.7 m from the point 
and stopped. The intermediate dial gauge reading Di is noted. 

e) The truck is then moved further forward 9.0 m and the final dial 
reading, Df is recorded. 

f) These three deflection dial readings, Do, Di and Df form one set of 
readings at one deflection point. 

g) Temperature at intervals of one hour are taken on the pavement surface. 

h) Rebound deflection value D at any point is given by one of the following 
two conditions: 

i. If (Di — Df) <= 0.025 mm, then D = 2 (D 0 — Df) = 0.02(D o — Df) mm 

ii. If (Di — Df) >= 2.5 division of dial gauge. A correction has to be 
applied for the vertical movement of the front legs. 

Therefore D = 2 (D 0 — Df) + 2K(Di - Df) division 
The value of 

3d — 2e 

K = 


f 



Where 


d = Distance between the bearing of the beam and the rear 
adjusting leg. 

e = Distance between the dial gauge and the rear adjusting leg. 
f = Distance between the front and rear legs 

The value of K depends on the type of equipment. The value of K for the 
equipment available in India is 2.91. 

Therefore 

D = 0.02(D o — Df) + 0.0582(Di — Df) mm 

7. Discuss briefly the different types of failures of rigid pavements. [N/D 
2017] [A/M 2018] 

Explain in detail the possible causes and remedial measures of Rigid 
Pavement failure. [N/D 2019] 

Following are some typical and basic types of failures in rigid pavements 
which are dealt here in detail: 

i. Scaling of cement concrete 

ii. Shrinkage cracks 

iii. Spalling of joints 

iv. Warping cracks 

v. Mud pumping 

vi. Structural cracks 

Scaling of Cement Concrete 

■f Scaling is observed in cement concrete pavement showing overall 
deterioration of the concrete. 

•S The scaling is mainly attributed due to deficiency in the mix or presence 
of some chemical impurities which damage the mix. 



•S Further due to excessive vibration given to mix, the cement mortar 
comes to the top during construction and thus the use, the cement 
mortar gets abraded exposing the aggregate of the mix. 

•S This makes the pavement surface rough and shabby in appearance. 

Shrinkage cracks 

■S During the curing operation of cement concrete pavements immediately 
after the construction, the shrinkage cracks normally develop. 

S The placement of cracks are in longitudinal as well as in transverse 
direction. 

Spalling of joints 

Sometimes when pre — formed filler materials are placed during casting 
of pavement slabs, the placement is somehow dislocated and filler is 
placed at an angle. 

•S The concreting is completed without noticing this faulty alignment of 
the filler material. 

S Thus this forms on overhang of a concrete layer on the top side and the 
joint later on shows excessive cracking and subsidence. 

Warping Cracks 

■C If the joints are not well designed to accommodate the warping of slabs 
at edges, this results in development of excessive stresses due to 
warping and slab develops cracking at the edges in an irregular pattern. 

'C Hinge joints are generally provided for relieving the slabs of warping 
stresses. 

'C There is no structural defect due to the warping cracks if proper 
reinforcement is provided at the longitudinal and transverse joints as it 
takes care of the structural adequacy. 



Mud Pumping 


■f Mud pumping is recognized when the soil slurry ejects out through the 
joints and cracks of cement concrete pavement caused during the 
downward movement of slab under heavy loads. 

J Following are the factors which cause the mud pumping: 

i. Extent of slab deflection 

ii. Type of subgrade soil 

iii. Amount of free water 

8. Describe about Mud Jacking [A/M 2018] 

Mud Jacking or Lifting of Slab 

J Once pavement starts pumping, the remedy for correcting it lies in 
providing the effective drainage. 

J If the subsidence is localized then the same is repaired by patching of 
portions of slabs with bituminous mixes. 

J Advanced countries adopt the procedure of mud jacking. 

J The process of consists of drilling number of holes 4cm to 5cm diameter 
1.5 m to 3 m apart in the cement concrete slab. 

J Grouting in such slabs is done under pressure through these holes. 

J The grout is normally used is either 1:3.5 cement — sand mix or bitumen. 

J The mix is thus injected through a pressure holes using the compressor. 

J The slabs are thus raised from below by the pressure grout, up to the 
desired level. 

9. Describe the objectives of pavement evaluation. [A/M 2018] 

J The primary objective of pavement condition evaluation is to access as 
to whether and to what extent the pavement fulfils the intended 
requirements so that the maintenance and strengthening jobs could be 
planned in time. 



•S The studies therefore investigate the structural adequacy of pavement 
and also the requirements for providing safe and comfortable traffic 
operations. 

•S There are various approaches and method of pavement evaluations. The 
various methods may be broadly classified into two groups: 

i. Structural evaluation of pavements 

ii. Evaluation of pavement surface condition 

Structural Evaluation of Pavements 

■f The structural evaluation of both flexible and rigid pavement may be 
carried out by plate bearing test. 

S The structural capacity of the pavement may be assessed by the load 
carried at a specified deflection of the plate or by the amount of 
deflection specified load on the plate. 

•S Field investigations and tests carried out in various countries have 
shown that the performance of a flexible pavement is closely related to 
be elastic deflection under loads or its rebound deflections. 

Evaluation of Pavement surface condition 

■S The surface condition of flexible pavement may be evaluated by the 
unevenness, ruts, patches and cracks. 

•S The surface condition of rigid pavements may be assessed by the cracks 
developed and by faulty joints affecting the riding quality of the 
pavement. 

•S The pavement unevenness may be measured using unevenness 
indicator, profilograph, profilometer or roughometer. 



10.Explain in detail the pavement management system (PMS) with its 
effectiveness in pavement maintenance. [N/D 2018] 

The type and extent of maintenance requirement for a road depend on 
the serviceability standard laid down, the maintenance needs funds available 
and the priorities for the maintenance operations. As several interlinked 
factors are involved in the maintenance works of road network consisting of 
different categories of roads, a system approach is appropriate for the road 
maintenance management. The various factors to be included in the 
maintenance management system are: 

i. Minimum acceptable serviceability standards for the maintenance or 
different categories of roads. 

ii. Field surveys for the evaluation of maintenance requirements. 

iii. Various factors influencing the maintenance needs such as subgrade 
soil, drainage, climate, traffic, environmental condition, etc. 

iv. Estimation of rate of deterioration of the pavement under the prevailing 
set of conditions. 

v. Type and extent of maintenance requirements and various possible 
alternatives and their economic evaluations. 

vi. Availability of funds. 

vii. Maintenance cost, availability of materials, man power and equipment. 

viii. Need base allocation for optimum utilization of inputs and fixing 
maintenance priorities. 



